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SUMMARY
Human fibroblast interferon preparations were completely stabilized to IOO °C by sodium dodecyl sulphate (SDS) in the presence of mercaptoethanol, but only a minor fraction of their activities were stabilized by SDS without mercaptoethanol. On the contrary, human leukocyte interferon preparations were completely stabilized to IOO °C by SDS in the absence of mercaptoethanol, but only a minor fraction of their activities were stabilized by SDS in the presence of mercaptoethanol.
Furthermore, human fibroblast interferon preparations whose activities had been destroyed by boiling at IOO °C were completely reactivated by SDS under reducing conditions, but only a minor part of their activities were restored by SDS in the absence of reduction. On the contrary, human leukocyte interferon preparations whose activities had been destroyed by boiling at ioo °C were completely reactivated by SDS in the absence of reduction, but only a minor part of their activities were restored by SDS under reducing conditions. These data suggest that there are distinct molecular species of human interferons.
Interferons from mouse L cells and from human fibroblast cells can be stabilized against a number of commonly encountered denaturations by anionic detergents (Stewart II, De Clercq & De Somer, I974a, c) . For complete stabilization it was necessary to disrupt disulphide bonds in the detergent-interferon solutions, and this suggested that the interferon preparations contained distinct molecular species of interferons, one species renaturable from detergent alone and another species containing disulphide bonds that must be disrupted for renaturation to occur.
We have further found that mouse L cell interferon preparations and human fibroblast interferon preparations that had been partially or completely inactivated by a number of denaturations could be reactivated by the anionic detergents; for complete reactivation it was necessary to disrupt disulphide bonds in the detergent-interferon solutions (Stewart II, De Somer & De Clercq, I974b; unpublished data) . These data again suggested that both mouse L cell interferon preparations and human fibroblast interferon preparations contained distinct molecular species of interferons that have different requirements for renaturation. It has since been demonstrated, by use of sodium dodecyl sulphate (SDS)-polyacrylamide gel electrophoresis, that mouse L cell interferon preparations do, in fact, contain two distinct molecular species of interferons (Stewart II, I974)-While we have found that SDS alone destroys most of the activity of human fibroblast interferons, but that the combination of SDS and mercaptoethanol apparently affords stability to the entire activity of human fibroblast interferon preparations (Stewart II et al. 1974a) , Mogensen & Cantell (I974) have reported that human leukocyte interferons were almost completely destroyed by the combination of SDS and mercaptoethanol, but that SDS alone apparently afforded stability to the entire activity of human leukocyte interferon preparations. If these data were both reproducible, it would support the interpretation that there are distinct molecular species of human interferons. Therefore, in the present study we directly compared the requirements for stabilization and reactivation of human leukocyte interferon preparations and human fibroblast interferon preparations.
Human leukocyte interferon preparations were generously provided for these studies by Dr K. Cantell, Helsinki, Finland, some to the laboratories in Philadelphia and some to the laboratories in Leuven. These preparations initially contained approx. 2o ~ interferon units/mg of protein; some preparations were purified to contain approx. Io ~ interferon units/mg of protein (Cantell et al. I974) . Human fibroblast interferons were produced in either human foreskin fibroblast cell cultures or human embryonic skin cell cultures, induced with polyriboinosinic acid, polyribocytidylic acid and 'super-induced' (Havell & Vilcek, ~972; Edy, Billiau & De Somer, I974) . Some of the fibroblast interferon preparations were kindly provided by Dr J. Vilcek, New York. Fibroblast interferon preparations had specific activities of about 204 interferon units/mg of protein. Interferons were assayed in a semimicroassay consisting of human embryonic skin cells and vesicular stomatitis virus, as described by Havell & Vilcek (2972) . Interferon titres are expressed in terms of reference standard 6, 69/I9 for human interferon (Medical Research Council, National Institute for Biological Standards and Control, London, England).
Human leukocyte interferon preparations, either as produced or after dialysis against o-o2 M-sodium phosphate buffered saline, pH 7"2, were heated to Ioo °C for 21 min by immersion in a boiling water bath in 2 ml samples in glass tubes. Other samples were constituted to contain 2 % SDS or 2 % SDS, 2 % mercaptoethanol and 5 M-urea before heating. After heating, samples were either directly diluted in assay medium (Eagle's minimal essential medium containing 5 % calf serum) or were first dialyzed overnight at room temperature against assay medium to remove residual reagents and to reduce the toxicity of undiluted samples in assays. As shown in Table 2 , detergent alone was sufficient to completely, or almost completely, stabilize the leukocyte interferon preparations against heat; moreover, detergent under reducing conditions was much less efficient in stabilizing leukocyte interferons.
Human fibroblast interferon preparations were treated in the same manner as described above for leukocyte interferons. As shown in Table r , and as we have reported previously (Stewart II et al. 2974 a, c) , detergent alone was unable to significantly stabilize human fibroblast interferons against heat, but detergent under reducing conditions was able to completely stabilize fibroblast interferon preparations.
Human leukocyte interferon preparations in 2 ml samples in glass tubes were inactivated by immersion in boiling water for 21 min and were then constituted to contain I °/o SDS or % SDS, 2 % mercaptoethanol and 5 M-urea and were then again immersed in boiling water for I min to obtain full 'defensive' reversible denaturation (Stewart II et aL I974a, c) . Samples were then either directly diluted in assay medium or were first dialysed against assay medium as described for the stabilization experiments above. As shown in Table 2 , human leukocyte interferon preparations whose activities had been inactivated by more than 95 % were completely, or almost completely, reactivated by hot SDS alone, while hot SDS under reducing conditions afforded much less efficient renaturation. Significantly, both crude leukocyte interferon preparations, with sp. act. of about 2o 4 units/nag of protein, and purified leukocyte interferon preparations, with sp. act. of about 2o 6 units/mg of protein, behaved in the same manner. Almost identical results were obtained with leukocyte interferon preparations in the laboratories in Philadelphia and in Leuven.
Human fibroblast interferon preparations were inactivated and reactivated in the same t Samples of leukocyte interferon in experiment I were directly diluted in assay medium; samples of leukocyte interferon in experiments 2 and 3 were dialysed against assay medium before dilution in assay medium; samples of fibroblast interferon in experiments I and 2 were directly diluted in assay medium; samples of fibroblast interferon in experiment 3 were dialysed against assay medium before dilution in assay medium. Samples of fibroblast interferon in experiment I were human foreskin fibroblast interferons, those in experiments 2 and 3 were human embryonic skin fibroblast interferons. t Leukocyte interferon preparation in experiment I, sp. act. approx. 1o 6 units/rag of protein; leukocyte interferon preparations in experiments 2 and 3, sp. act. approx. IO 4 units/mg of protein; fibroblast interferon preparations in experiment I from human foreskin fibroblasts, those in experiments 2 and 3 from human embryonic skin fibroblasts. manner as the leukocyte interferon preparations described above. As shown in Table 2 , hot detergent alone was unable to significantly reactivate heat-destroyed human fibroblast interferon; however, hot SDS under reducing conditions gave complete reactivation, Sample I, Table 2 , had originally contained about 2oooo units/ml, and had apparently spontaneously lost activity on storage; but the hot detergent-reducing solution restored it to its former activity level. Again, it should be noted that some of these experiments with fibroblast interferons were performed in Philadelphia and some in Leuven, with very similar results.
The data presented here confirm the findings of Mogensen & Cantell (I974) and our own (Stewart II et al. I974a) and extend them to show that both human fibroblast interferons and human leukocyte interferons that become inactive as a consequence of heating can be apparently completely reactivated in hot SDS under reducing and non-reducing conditions, respectively. These data suggest, therefore, that, as has been shown for mouse interferons (Stewart II, I974) , there are at least two distinct molecular species of human interferons, one population requiring reduction of disulphide bonds for efficient renaturation, and one not requiring reduction of disulphide bonds for efficient renaturation. In fact, the finding that the leukocyte interferon preparations are largely inactivated by SDS under reducing conditions suggests that there are 3 types of human interferons involved in the two preparations: (I) type A, requiring reduction for renaturation from SDS; (2) type B, renaturable from SDS without reduction but destroyed by reduction in SDS; (3) type C, renaturable from SDS with or without reduction. On the one hand, leukocyte interferon preparations, which are apparently completely renaturable from SDS without reduction, but only slightly renaturable from SDS under reducing conditions would have a population character expressed as: type B > type A, or type B > type C, or type B > type A+ type C. On the other hand, fibroblast interferon preparations, which are apparently completely renaturable from SDS under reducing conditions, but only slightly renaturable from SDS without reduction, would have a population character expressed as: type A > type B, or type A > type C, or type A > type B + type C. As will be shown elsewhere (W. E. Stewart II, unpublished data), studies of human interferon preparations by SDS-polyacrylamide gel electrophoresis support the interpretation that there are 3 distinct molecular species of human interferons, corresponding to types A and B and C, as defined above.
Further support for the interpretation that human leukocyte interferons and human fibroblast interferons are distinct molecular species has been presented by Edy et al. (I974) who found that the two preparations differ in their stabilities to heat, physical manipulation, and guanidine-hydrochloride. Also, K. Paucker, K. Berg & C. A. Ogburn (unpublished data; Berg et al. ~974 ) and E. Havell, B. Berman and J. Vilcek (personal communication, I974) have found that these two types of interferons can be distinguished on the basis of neutralizations by specific antisera.
There are two possible interpretations for the origins of distinct molecular species of interferons. First, there may be multiple genes for interferons which are expressed to different degrees in different cell types. Alternatively, the distinct molecular species could arise by modifications of the product from a single genetic locus. Hopefully, studies underway in our laboratories will resolve whether the distinct molecular species of interferons are products of different genes or are different modifications of the same gene product.
